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Abstract 

Unusual waves (tsunamis) triggered by submarine tectonic activity such 

as a fault displacement in the sea bottom may have considerable effect on a 

coastal site. The possibility of such phenomena to occur at the southern 

coast of Israel due to a series of shore-parallel faults, about twenty kilo

meters offshore, is examined in this paper. 

The analysis relates the energy or the momentum imparted to the body of 

water due. to a fault displacement of the sea bottom to the energy or the 

momentum of the water waves thus created. The faults off the Ashdod coast 

may cause surface waves with amplitudes of about five metres and periods of 

about one third of an hour. It is also considered that because of the downward 

movement of the faulted blocks a recession of the sea level rather than a flooding 

would be the first and the predominant effect at the shore, and this is in 

agreement with some historical reports. 

The analysis here presented might be of interest to those designing 

coastal power plants, r^s 
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1, Itvtroduct.on 

Several fault systems, which exist off Israel's southern coast may cause 

a sudden deformation of the sea bottom. The purpose of this study is to evaluate 

t a hydrauijca! effects of such events, and especially thei> effect at the shore; 

wrth an eye to the '•isks to ^uciea' power stations located at an open coast, 

Ts'jnanrs •" t̂ e Eastern Med,te,'"anean a^e not infrequent events. Ambraseys 

(196"« listed the la^ge historical events at the Levant coast, whi^e Gaianopoulos 

(1950) and Antonopoulos (1973) described in detail many recent tsunamis. 

It is noteworthy that the list of earthquake effects in Israel (Kallner-

Amiran, 1951) mainly described recessions of the sea and not so many Inunda

tions, a fact which was evaluated in our study of tsunamis-like effects due to 

submarine slumpings (Striem and Miloh, 1976), 

2' I!!g„i£tJ}̂ lt-r-y_JJld. Geology °f the She1 f Edge off Ashdod 

At about 16 km from the coast the gentle shelf slope (1:125) steepens 

from the 90 m depth to "each the 120m depth at about 1835 km, (an average 

gradient of 1:80), whence begins the descent into the continental s'iope at a 

mean gradient of about 1:40* 

On the shelf and the upper continental slope the upper-most Holocene 

sedimentary unit overlies a highly'irregular surface (Neev, Edgsrton, Almagor 

and Bakler, 1966), consisting of several low ridges separated oy broad, sediment 

filled depressions, extending sub-parallel the coast, which Neev, Almagor, Arad 

et alia (1973) considered as probably an erosional surface„ 

Offshore the Ashqelon-Ashdod coast there are two main fault systems: 

A, The long-shore fault zone at the continental slope; 

B„The Palmahim graben structure, sub-normal to the coast, 

Ao In the 17-25 km offshore zone Ginzburg (1971) found in seismic reflec

tion data several faults, sub-parallel to the coast, in the Base Saqieh (Late 

Eocene), at a depth of about 2% km, and also, at about the same location, in 

the base of the Yafo horizon (Late Miocene),, The faults were down-thrown to 
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the west and none was then known to be longer than 10 km* The faults were fewer 

In the Miocene than In the Eocene, thub the faulting was considered to decrease 

upwards. 

In a recent geophysical investigation (IASCO, 1975) shore-parallel faults 

wee found in the upper Pleistocene strata, in the shelf edge zone, and tenta

tively connected to form a possible 'ongshore fault system with a seaward 

down-t^'ow 

-dttimore et a! a (1976) in their review of the IASC0 data, though that 

the available evidence favoured the hypothesis that the major slope fault was 

only indi^ecfy a tectonic feature, and thus *t represented growth faulting as 

encounted in the Gulf Coast (C^oos, 1968), however two items compelled consi

deration of the slope fault system as a tectonic feature: Firstly, the north

ward extension of this zone coincides with the "hinge line" where the Palmahim 

graben structure changes ^rom a topographically and structurally negative 

feature, inshore, to a topographically and structurally positive feature on the 

slope. Second^, there is the presence of ho^st and graben faulting at the base 

of the continental slope, Lattimore considered the total displacement across 

the zone to reach 120 m„ 

Lattimore et. alia (1976) marked some fifteen faults between 18 km (depth 

115 m) and 27 km (depth 335 m) from the shore, almost all -faults were down-

thrown seawards. As many faults were considered capable, one must allow for a 

single event to downfault a block about h km wide (widths varying from k to 1% 

km) and extending sub-parallel the coast over several kilometers, possibly even 

ten or mo'-e, 

B. The Palmahim graben (Neev et alia, 1973), is a northwest trending 

structure, about 16 km across and about 50 km long. It becomes apparent in the 

bottom morphology at about 13 km from the shore, at a depth of about 100 metres, 

and it fades before reaching the. base of the continental slope at about 60 km 

from the coast (Almagor, 1976),, The southern flank of the structure is an 

almost straight scarpline with a relief of about 50 metres, Landward of the 

slope-break the structure has a negative topographic relief, appearing as steps 

descending seawards. The first few steps are each about 4 km wide, with a gentle 

slope (1:75), the steps' break descending 20-30 metres.. 
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The geophysical investigation (IASCO, 1975; Lattimore et alia, 1976) 

showed the structure to approach within 5 km from the coast, and its southern 

flank to be indicated by a fault zone about 4 km wide. As many faults at the 

margin of the structure cut the surface and are reflected in the bathymetry, 

they must be considered as capable. Quite a few faults may be related to 

downs lope mass-transport as they show inward rotation of the fault block and 

fl-rttenino with depth (Lattimore at ?lin, 1976). 

ON ONE OF THE SIIORK-NORMAL PROFILES ACTJ.VE .DOUiFAUL'f ING MAY BE SEEN AT 

several steps ( Prof. 2,5, IASCO ), to attain about 20 m at the surface, 

30-50 m at lower horizons, and to affect at least a transverse length of block 

of -j km, possibly reaching 1 km or more. To evaluate the tsunamis generating 

impact one may thus assume a block slippage of about 10 m vertically, affecting 

a block width of about h km. 

3. Hydrodynamic Analysis 

We intend to evaluate the possibility that faulting in the offshore may 

generate a sub-regionally effective tsunamis. It is well known that a sudden 

displacement of the sea bottom as the result of some tectonic event may cause 

a disturbance at the water surface. An instantaneous motion of the sea floor 

will usually generate (Wiegel, 1964) a predominant single wave, exhibiting the 

characteristics of a solitary wave, Prins'(1958) laboratory experiments like

wise indicated that a sudden change in the bottom elevation may cause one 

relatively large solitary wave together with a few smaller ones. Only a 

fraction of the energy released by such a seismic event is converted into wave 

energy, the maximum of this transfer ratio (a) does not exceed two percents, 

(Wiegel (1955), Wilson et al. (1962), Van Dorn (1965)). 

The resulting wave.disturbance may be evaluated in two ways: 

(I) the first approach employs energy arguments, and relates the strain 

energy released to the wave energy, 

(II) the second approach is based on the principle of conservation of 

momentum, taking the instantaneous bottom velocity as prescribed. 

Let us assume the faulting of a block of length I parallel the shoreline, 

of width b and of depth h , lying at a water depth D at a distance L 
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from the shore, 

I. Using the energy approach we assume that the energy released by the 

rupture is in fact the elastic strain energy stored as deformation of the 

rocks. Denoting the volume of the strained rock affected by V , its average 

s; ear strain by e , and the rigidity of the medium by u , and assuming a 

homogeneous distribution of e and u in the volume, we may write fo1^ the 

shear energy W released by the rupture, on the further assumption of small 

compression (Wiegel, 1970) 

W = ue2V (1) 

We postulate that the strain energy is par t ia l ly converted into gravity water 

waves by the fault ing event. The total energy of a two-dimensional sol i tary 

wave is given by (Ippen, 1966) 

3 

E = -X_ (HD)2 (2) 
b 8/3 

where H denotes the maximum wave height and y the specific weight of water. 

Since only a fraction a of the strain energy w i l l appear as m=l ,2 ,3 , " * , 

identical sol i tary waves, and since (2) is given per unit length, we derive 

for the wave height 

H ~ D HiT y H P ( 3 ) 

1L For the momentum approach we assume that the sea floor moves instan

taneously with uniform velocity v , in the direction of gravity acceleration 

g . The momentum can be evaluated in two main ways: 

One assumes that the sediment layer, undergoing deformation, is a 

homogeneous medium of mass p b£h , whose specific weight is y , moving with 

an average uniform velocity v . The total momentum of the block would then be 

P = y b2,hv . • : • (4a) 
1 ^ . 

This momentum is imparted to the water column above it, in a similar manner to 
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an elastic collision. 

Alternatively one might consider the impulse of the sea bottom, moving 

instantaneously with velocity v against gravity forces. Since the hydro

static pressure at the sea bottom is yD , the rate of work (power), done on 

thf.: water column, is 

P - Y Db£v (4b) 
2 0 

The momentum of a surface water-wave train per unit width of crest is (Ippen, 1966), 

P S 4 Y H > C G (5) 

where Cg is the group velocity which for shallow water becomes C-=/gTJ . 

Again relating P and P$ by a t\ 

waveheight, from Eqs„ (4) and (5), 

Again relating P and P by a transfer coefficient a , we obtain for the 

H= &'x4=:)h (6) 
Y . /gD 

where P stands for either P or P 
l 2 

4. Quantitative Evaluation 

Let us apply these considerations to the conditions in Israel's offshore. 

The quantitative evaluation will be by 3 numerical examples, in which the width 

of the faulted block b , its distance from the shore L and its pertinent 

depth in water D are the variables. The faultings in the longshore system and 

in the Palmahim graben will be characterized by % kriKb̂ l km , 17 kmcL<28 km 

and 110 nKD*450 m ., While also calculating the maximum and the minimum values, 

representing shelf edge and "nearshore" conditions, the "typical" case will be 

represented by b=h km , L=23 km and D=220 m „ • 

To calculate the resulting surface waves by the energy .approach (I) as 

given by Eq„ (3) we evaluate the strain energy contained within the sedimentary 

layer only. The elastic parameters of this layer are taken to be those given by 

Ben-Menahem et al, (1976) for the sediments in the Levant fracture zone, i.e. an average 

thickness of about 2 kms and a rigidity of about 1011 dynes/cm2 . 

We estimate the shear strain by assuming the maximum shear strain at the 
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fault to be about 10"" (1 m per 1 kilometer) and use in the analysis a 

uniform average value of e=5«10~"' , which is within the numerical limits 

for earthquakes given by Wiegel (1970, p. 32). From Eq. (1) we then find 

that the average sheai energy released by a unit surface area is 

W/b£=5-109 erg/cm2 . 

Following the empirical results of Wiegel (1955), Wilson et al„ (1962), 

and Van Dorn (1965), we further assume that only a=l% of the shear energy 

released by the tectonic activity is actually converted into gravity wave 

energy. For the values used and for m=l , Eq„ (3) yields waveheights which 

are summarized in Table 1 for the "nearshore", "typical" and "shelf edge" conditions. 

It will be noted that basing on the assumption of uniform shear strain, the 

highest wave is that generated by the faulting closest to the shore. 

To calculate the waveheight by the momentum approach, (II), we assume that 

the average for the instantaneous velocity of the sea bottom is of the order of 

v =0.1 m/sec , which is typical for submarine faults (Orphal and Lahoud, 1974). 
0 

To judge by the few empir ical models for the decay of the ve loc i t y from the 

epicentre to the sur face, the ve loc i t y w i th in the strained medium w i l l be smal ler. 

The models are appl icable f o r deep f o c i , whi le we are dealing w i th very shallow 

fau l t s or the "near f i e l d " , f o r which the spa t ia l expression f o r the ve loc i t y is 

not known. We thus assume the average ve loc i t y w i t h i n the s t ra ined medium to be 

one order i f magnitude less than the surface v e l o c i t y , i . e . v=10~ m/sec . 

Again we assume that the t rans fe r c o e f f i c i e n t between the seismic momentum 

to that of the surface wave is 1% (analogous t o the energy t rans fe r c o e f f i c i e n t ) . 

Taking the depth of the fau l ted sediment layer to be h=2 km , and i t s spec i f i c 

weight Y S = 2 V , we f i nd from Eqs„ (4a) , (4b) and " ( 6 ) , the waveheights as l i s t e d 

in Table 1 . 

The waveheightsin Table 1 were derived f o r a " t y p i c a l " f a u l t width of 

b=% km , however block widths were found to range from b=% km to b=l km , 

i . e . varying by a fac to r of 2 , hence waveheights might vary by a fac tor o f 

2* (Eq. 3) = 1.58 or 2h (Eqs.-4,6) = 1.41 . 

Thus a t yp i ca l s o l i t a r y waveheight due t o a f a u l t i n g in the offshore would 

be 4-6 metres, w i th an uncer ta in ty of 50% . 



Table 1 : Waveheights due to faul t ing in Israel 's offshore 
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Fault width b-Jj km 

Distance L (km) 

Depth D (m) 

App-oach (1) 

Eq. (3) H 

Approach (II) 

Eq, (6) + (4a) H 

Eq, (6) + (4b) H 

17 
110 

9.7 m 

6.9 m 

3.7 m 

23 

220 

4.8 m 

5„8 m 

4.3 m 

28 

450 

2,4 m 

4.9 m 

5.2 m 

The sudden tectonic deformation of the sea floor will cause a solitary 

wave with a maximum height above the faulted block. Since the solitary wave 

is a positive wave in the sense that it has no trough and lies above the 

general sea level, the instantaneous gain in water elevation has to be compen

sated by a flow of water from both the open sea and the coast, thus causing a 

recession of sea level at the shore. 

Following the classical analysis of Kelvin (1906) for dispersive waves 

resulting from an instantaneous surface elevation, the single solitary wave 

will divide into two waves, each containing about half the energy, one moving 

toward the shore and one moving seawards. 

By its nature the solitary wave is not periodic hence no wave period can 

be defined. In order to evaluate the duration of the recession of sea at the 

shore we may calculated the time it takes the crest of the shore-going wave 

to reach to coast. For a shallow wave the velocity will be Jgfi , hence the 

crest will reach the shore after a time 

T = /"•%- (7) 

o /gD 

For the region of interest one may approximate the depth D to vary linearly 

with the distance, D ~ LtanS , 6 denoting the slope of the shelf, giving the 

total recession time as 
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T = 2 / — E ~ . (8) 
g tans 

For tan&*l(T2 Eq. (8) y i e l ds recessions times of 820 , 960 and 1060 sees 

fo r the three respective cases, i . e . durations of about % hour* 

Pi,cuss ion 

The authors realize that to derive water wave and sea-level phenomena at 

the shore from an offshore submarine tectonic activity, is a very complex 

problem, perhaps best dealt with numerically by a computer with a memory for a 

given coastal topography. Several of the steps in the evaluation involved data 

and models, which are not yet available or quantitative correlations whose 

detailed derivation would entail quite a few theoretical problems. Such scien

tifically precise approach was beyond the scope of what the authors could now 

entertain to do, 

A'l we intended to present in this paper is an attempt to evaluate the 

order of magnitude for both the change in the sea surface level and the time 

period involved at the shore due to offshore faulting events. This was not done 

without risking oversimplicity and speculative assumptions, yet we consider 

that the results of our evaluation indicate that a sea level change of the 

order of five metres might occur and that therefore within the framework of a 

safety analysis for a nuclear reactor at the coast, a more detailed investiga

tion will be necessary, 

The first (I) approach considered the elastic energy stored and released 

from the deformation of the crustal layer along the Israeli coast. While the 

depth of the sediment layer and its rigidity were determined (Ben-Menahem et al., 

1976), the average strain in the fault zone is not known. Our assumption of'e-

5'10"" follows the value reported for the San Andreas fault (Wiegel, 1970) and 

the empirical curves by Byerly and De Noyer (1958), relating horizontal displa

cement and strain. 

That only one percent of the energy of the tectonic event is converted into 

surface water wave energy is an accepted if not actually a conservative, assump

tion, derived from both experimental and field studies (lida, 1958), However 

using the same transfer factor of 1% in the evaluation of the momentum (4a) 
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imparted by the faulted block moving as a solid body to the body of water 

above it, is a presently unbased assumption. 

The alternative approach (4b) considered the motion of the sea floor 

against the resistive "force" of the hydrostatic pressure, and calculated 

fce rate of work done by the moving sea floor, "hile for the surface velocity 

of the sea floor the value of 0.1 m/sec is typical, our assumption that the 

average velocity in the effective sedimentary layer is one order of magnitude 

less, in presently unbased. However the resulting wave height, as seen from 

Eqs. (4b) and (6) is not very sensitive to the value of the velocity, thus 

the uncertainty is not very significant. 

The further assumption that the fauHing-generated solitary wave above 

the sea level causes a seaward, replenishing flow and that thus the first 

effect at the shore will be a drawdown, is hypothetical, although supported 

by historic reports. 

It seems pertinent to point out that effects of the order of magnitude as 

derived in this study, have been observed at Israel's coast. Kailner-Amiran 

(1951) listed some eight tsunamis in the last two mill em'a, however only very 

few can be said to be specifically locatable as affecting the coast from Jaffa 

southwards to Ashqelon. 

Tue strong earthquake of 18 March 1068 was described by As Soyuti, the 

ii.m!jk polygrapher who specialized in earthquakes, as "destroying Ramla (then 

the local capital, (autors)), twenty-five thousands persons perishing there, 

and water rising over the mouths' of the wells", indicating the intensity of 

the earthquake near the epicentral region. Ambraseys (1962) located the concur

rent coastal effects to "Holots Ashdod and Javneh" (translation from Hebrew: 

Dunes of Ashdod and Javneh) and quoting Soyuti: "the sea retracted from the 

shore the space of one day's j'ourney, all people went down to its bed gathering 

fish, and the waters returned upon them and destroyed them" (translation by 

Jarrett, 1881). 

While bearing in mind the medieval propensity to exaggerate disasters, 

the description indicates that a recession of sea level for at least half a 

kilometer and for at least quarter of an hour seems to have occurred, affecting 



11 

the coastal structure near and opposite the offshore Palmahim graben; 

"!"he evaluation presented did not consider the possibility that several 

faulted blocks might be activated simultaneously by the same basic tectonic 

cause, and therefore our results may not be the most conservative in evalua

ting risks to coastal power plants. 

ACKNOWLEDGEMENTS 

The authors are indebted to Dr„ M, Vered, IAEC, for valuable discussions 

and suggestions, during the writing of the report, and to Dr. Z.i Ben-Avraham, 

of the Weizmann Institute, for kindly reading the manuscript and his helpful 

comments„ 

This paper expresses the personal opinion of the authors and the conclu

sions drawn do not necessarily represented the opinion of the Israel Atomic 

Energy Commission. 



12 

References 

Almagor, G., 1976. Personal communication. 

Amb>-aseys, N,N., 1962. Data for the investigation of the seismic sea-waves in 

the Eastern Mediterranean. Bull. Seism. Soc. Am., 52(4): 895-913. 

Antonopoulos, I.A,,' 1973- Tsunamis, Athens, 168 pp 

Ben-M'-nahem, A., Nur, A, and Vered, M. Tectonics seismicity and structure of 

the Afro-Eurasian junction, the breaking of an incoherent plate. To appear in 

Phys. Earth Planet, Inst, 

Byerly, P. and De Noyer, J., 1958. Energy in earthquakes as computed from geodetic 

observation. In: Contributions in Geophysics in Honor of Beno Gutenberg. Pergamon 

Press, New York. 

Cloos , E., 1968. Experimental analysis of gulf coast fracture patterns. Am. 

Ass. Petr. Geol. Bull., 52(3): 420-444. 

Galanopoulos, A., I960. Tsunamis observed on the coasts of Greece from antiquity 

to present times. Ann. di Geofisica, 13(3-4), Rome. 

Ginzburg, A., 1971. Offshore Israel. Interpretation of seismic reflection survey. 

IPRG Rpt. RS/916-0/71. 

IASCO, 1975, Preliminary Report on High Resolution Geophysical Survey Offshore 

Israel. Report to IEC by Israel-America Service Co. Inc., Houston, Texas, 27 pp. 

Iida, K., 1958, Magnitude and energy of earthquakes accompanied by tsunami and 

tsunami energy. Journal of Earth Sciences (Nagoya University) 6(2): 101-112. 

Ippen, A,T„, editor, 1966. Estuary and coastline hydrodynamics. McGraw-Hill Book 

Co. Inc. New York, 

Kallner-Amiran, D., 1951. A revised earthquake catalogue of Palestine. Isr. 

Explor. J. 1(4): 223-247. 

Kelvin, U , 1906. Initiation of deep sea waves of three classes: (1) from a 

single displacement; (2) from a group of equal and similar displacement; 

(3) by a periodically varying surface - pressure. Proc. Roy. Soc. 26: 399-436. 



13 

Lattimore, R„, Goldstein, A. and Rizzo, P.C., 1976. Review of marine geophysical 

program. Project 74-509, D Appolonia Consulting Engineers, Pittsburg, submitted 

to IAEC. 

Law, L„ and Brebner, L., 1968. On water waves generated by landslides, Proc. of 

Th d Australian Conf. on Hydraulics and Fluid Mechanics, Sydney, pp. 155-159. 

Neev, D,, Almagor, G,, Arad, A,, Ginzburg, A. and Hall, J.K_, 1973, The geology 

of the southeastern Mediterranean • sea, lsr„ Geol, Surrey. Rpt. MG/73/5. 

I'ieev, D„, Edgerton, H.E., Almagor, G, and Bakler, N„, 1966. Prel iminary results 

of some continuous seismic profiles in the Mediterranean she1f of Israel. Tsr. 

J, tarth-Sci., 15(4): 170-178. 

OLRI, 1975. Israel Oceanographic and Limnological Research, Ltd., Haifa, 

unpublished report to IEC. 

Orphal, D,Lc and Lahoud, J.A., 1974. Prediction of peak ground motion from 

earthquakes. Bull, Seism, Soc. Am. 64(5): 1563-1574. 

Prins, -J = E., 1958. Characteristics of waves generated by local disturbances. 

Trans, Am. Geophys, Union 39(5): 865-874, 

Striem, H.L. and Miloh, T., 1976. Tsunamis induced by submarine slumpings off 

the coast of Israel. Int. Hydrogn Rev. (in press). 

Resume in Proc. of the Europ. Seism. Commission's Symposium on Earthquake Risk 

for Nuclear Power Plants. Publ. No. 153, K.N. Met. Inst., De BiIt, 1976, pp. 

133-137n 

Van Dorn, W.G., 1965. Tsunamis. In: V.T. Chow (Editor), Advances in Hydrosciences, 

2, Academic Press, New York, pp. 1-48. 

Wiegel, R.L., 1955. Laboratory studies of gravity waves generated by the movement 

of a submerged body. Trans. Am. Geophys. Union 30(5): 759-774. 

Wiegel, R.L., 1970. Earthquake engineering. Pretice Hall Inc., Hemel-Hemstead. 

Wilson, B.W., Webb, L.M. and Hendrikson, J.A., 1962. The nature of tsunamis, 

their generation and dispersion in water of finite depth. National Engineering 

Science Company, Tech. Report No. SN-57-2„ 


